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Abstract  We report ultrafast terahertz-wave measurements based on a new asynchronous sampling method, “difference 
frequency sampling”, where an optical pulse train with its interval is incremented by a constant time period and its one-cycle 
delayed pulse train is used as the pump and probe pulse trains.  We demonstrated a 3-msec single-scan measurement for THz 
wave with a 156-ps time window.  The relatively large timing-jitter 㸦~10ps㸧of the laser limited the measurement spectral 
bandwidth and should be reduced to extend the measurement spectral bandwidth. 
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1. ࡣࡌࡵ࡟
ගఏᑟ࢔ࣥࢸࢼ➼ࢆ⏝࠸ࡓࢸࣛ࣊ࣝࢶ᫬㛫㡿ᇦศ
ග ἲ 㸦 Terahertz Time-Domain Spectroscopy, ௨ ୗ
THz-TDS ࡜␎グ㸧ࡣရ㉁⟶⌮ࡸ༴㝤≀᥈▱࡞࡝࡬ࡢᛂ
⏝ࡀᮇᚅࡉࢀࡿࠋࡋ࠿ࡋ࡞ࡀࡽ㸪ྠᡭἲ࡛ࡣ୍⯡ⓗ࡟
ᶵᲔᘧ㐜ᘏࢫࢸ࣮ࢪࢆ౑⏝ࡋࡓ࣏ࣥࣉ࣭ࣉ࣮ࣟࣈ᪉ᘧ
ࡀ⏝࠸ࡽࢀࡿࡓࡵ㸪1 Ἴᙧࡢྲྀᚓ࡟㏻ᖖᩘศ⛬ᗘࢆせ
ࡍࡿࠋࡇࡢ ᐃ᫬㛫ࡀ⏘ᴗ฼⏝࡬ࡢጉࡆ࡜࡞ࡗ࡚࠸ࡿࠋ
㏆ᖺ㸪㠀ྠᮇගࢧࣥࣉࣜࣥࢢ㸦Asynchronous Optical 
Sampling, ௨ୗ AOS ࡜␎グ㸧࡟ࡼࡾ㸪ᶵᲔᘧ᫬㛫ᤲᘬ
࡟ẚ࡭㸪 3 ᱆⛬ᗘࡢ ᐃ᫬㛫ࡢ▷⦰ࡀሗ࿌ࡉࢀ [1]㸪
THz-TDS ࡢ⏘ᴗ฼⏝࡬ࡢᮇᚅࡀ㧗ࡲࡗ࡚࠸ࡿࠋAOS ࡣ
㧗㏿ࢧࣥࣉࣜࣥࢢἲ࡜ࡋ࡚ඃࢀࡓᡭἲ࡛࠶ࡿࡀ㸪௨ୗ
ࡢࡼ࠺࡞ၥ㢟Ⅼࡀ࠶ࡿࠋ
(i)  ᐃ᫬㛫❆㸦㐜ᘏ᫬㛫ࡢᤲᘬ᫬㛫ᖜ㸧ࡣບ㉳ࣞ
࣮ࢨ࣮ࡢ⧞㏉ࡋ࿘ᮇ࡟ᅛᐃࡉࢀࡿࠋࡋࡓࡀࡗ࡚㸪
㏻ᖖ⏝࠸ࡽࢀࡿ࣮ࣔࢻྠᮇᆺࡢࣇ࢙࣒ࢺ⛊࣮ࣞ
ࢨ࣮࡛ࡣ 10ns ๓ᚋࡢ ᐃ᫬㛫❆㸦ࡑࡢ㏫ᩘࡀ ᐃ
ࡢ࿘Ἴᩘศゎୖ㝈࡟࡞ࡿ㸧࡜࡞ࡿࡀ㸪㧗࿘Ἴᩘศ
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ゎࢆせࡋ࡞࠸ᛂ⏝࡛ࡣ㸪ࢹ࣮ࢱྲྀᚓࡢ↓㥏᫬㛫ࡀ
ከࡃ࡞ࡿࠋ
(ii) 2 ྎࡢ⧞㏉ࡋ࿘Ἴᩘࡀࢃࡎ࠿࡟␗࡞ࡿ࣮ࣞࢨ࣮
ࡀᚲせ࡛㸪ࡑࡢ⧞㏉ࡋ࿘Ἴᩘࢆ⢭ᐦ࡟ไᚚ㸪Ᏻᐃ
໬ࡍࡿᚲせࡀ࠶ࡿࡓࡵ㸪ᚲ↛ⓗ࡟ࢩࢫࢸ࣒ࡀ㧗౯
࠿ࡘ」㞧࡟࡞ࡿࠋ
ᡃࠎࡣ AOS ࡢၥ㢟Ⅼࢆᨵၿࡋ㸪 AOS ࡼࡾࡶ ᐃ᫬
㛫ࢆ 1 ᱆௨ୖ▷⦰ࡍࡿࡇ࡜ࢆ┠ⓗ࡜ࡋ࡚㸪᪂ࡓ࡞ࢧࣥ
ࣉࣜࣥࢢ᪉ᘧ࡛࠶ࡿࠕᕪ࿘Ἴྠᮇࢧࣥࣉࣜࣥࢢࠖࢆᥦ
᱌ࡋ㸪ࡑࡢཎ⌮ᐇドᐇ㦂ࢆ⾜ࡗࡓࡢ࡛㸪ࡑࡢ⤖ᯝࢆሗ
࿌ࡍࡿࠋ
2. ᕪ࿘Ἴྠᮇࢧࣥࣉࣜࣥࢢࡢཎ⌮
ᕪ࿘Ἴྠᮇࢧࣥࣉࣜࣥࢢ࡛ࡣ 1 ྎࡢ⧞㏉ࡋ࿘Ἴᩘྍ
ኚ࣮ࣞࢨ࣮ࢆ࣏ࣥࣉཬࡧࣉ࣮ࣟࣈග※࡜ࡋ㸪࣏ࣥࣉග
ࡲࡓࡣࣉ࣮ࣟࣈගࡢග㊰࡟࣮ࣞࢨ࣮ࡢᇶ‽⧞㏉ࡋ࿘Ἴ
ᩘࡢ㸯࿘ᮇศ࡟┦ᙜࡍࡿ᫬㛫㐜ᘏࢆ୚࠼ࡿࠋ࣮ࣞࢨ࣮
ࡢ⧞㏉ࡋ࿘Ἴᩘࢆ㐃⥆ⓗ࡟ኚ໬ࡉࡏࡿࡇ࡜࡛㸪࣏ࣥࣉ
ගࡲࡓࡣࣉ࣮ࣟࣈගࡢ᫬㛫ᤲ༳ࡀྍ⬟࡜࡞ࡿࠋᕪ࿘Ἴ
ྠᮇࢧࣥࣉࣜࣥࢢࡢࢱ࢖࣑ࣥࢢࢳ࣮ࣕࢺࢆᅗ 1 ࡟♧ࡍࠋ
ᅗ 1 ࡛ࡣ࣮ࣞࢨ࣮ࡢගࣃࣝࢫิࡢ࿘ᮇࡣ㸪ึᮇ࿘ᮇ T
࠿ࡽ't ࡎࡘቑຍࡍࡿࠋ1 ࿘ᮇ㐜ࢀࡢࣃࣝࢫิ࡜ඖࡢࣃ
ࣝࢫิࢆ㔜ࡡࡿ࡜㸦୍᪉ࡀ࣏ࣥࣉගࣃࣝࢫ㸪ࡶ࠺୍᪉
ࡀࣉ࣮ࣟࣈග࡜ࡋ࡚ THz ἼࡢⓎ⏕࡜ࢧࣥࣉࣜࣥࢢ࡟⏝
࠸ࡽࢀࡿ㸧㸪㸰ࡘࡢගࣃࣝࢫࡢ┦ᑐ㐜ᘏ᫬㛫ࡣࣃࣝࢫࡈ
࡜࡟'t ࡎࡘࡎࢀ࡚࠸ࡃࠋࡇࡢࡼ࠺࡟ࡋ࡚㸪⧞㏉ࡋ࿘ᮇ
㸦࠶ࡿ࠸ࡣ⧞㏉ࡋ࿘Ἴᩘ㸧ࡣኚ໬ࡍࡿࡀ㸪AOS ࡜ྠᵝ
࡟ᶵᲔⓗ࡞㉮ᰝ࡞ࡋ࡟㸪㐜ᘏ᫬㛫ࢆ⮬ാᤲᘬ࡛ࡁࡿࠋ
ࡲࡓ⧞㏉ࡋ࿘ᮇࡢไᚚ࡟ࡼࡾ㸪 ᐃ᫬㛫❆ࡣ௵ព࡟タ
ᐃ࡛ࡁࡿࡢ࡛㸪ᚲせ࡞࿘Ἴᩘศゎ࡟ྜࢃࡏ࡚タᐃ࡛ࡁ
ࡿࠋ౛࠼ࡤ 100MHz ࡢ࣮ࣔࢻྠᮇ࣮ࣞࢨ࣮ࢆ⏝࠸ࡓ
AOS ࡛ࡣ㸪⧞㏉ࡋ࿘ᮇࡣ 10ns ࡛࠶ࡾ㸪 ᐃ᫬㛫❆ࡶ
10ns ࡜ ࡞ ࡿ 㸦 ࿘ Ἴ ᩘ ศ ゎ ࡣ ⧞ ㏉ ࡋ ࿘ Ἴ ᩘ ࡜ ྠ ࡌ
100MHz㸧ࠋࡋ࠿ࡋᚲせ࡞ ᐃ᫬㛫❆ࡀ㸪Ἴᙧ୰ᚰ௜㏆
ࡢ 100ps ࡛࠶ࡿ࡞ࡽ㸪9.9ns ࡣ↓㥏࡞ィ ᫬㛫࡜࡞ࡿࠋ
୍᪉㸪ᕪ࿘Ἴྠᮇࢧࣥࣉࣜࣥࢢ࡛ࡣ࣮ࣞࢨ࣮ࡢ⧞㏉ࡋ
࿘Ἴᩘࢆไᚚࡋ࡚㸪 ᐃ᫬㛫❆ࢆ 100ps ࡟࡛ࡁࡿࡢ࡛㸪
↓㥏᫬㛫ࡀ࡞ࡃ㸪ୖ ࡢ౛࡛ࡣ AOS ࡟ẚ࡭࡚ ᐃ᫬㛫ࢆ
1/100 ࡟▷⦰࡛ࡁࡿࠋࡲࡓ↓㥏᫬㛫ࡀ࡞ࡃ࡞ࡗࡓศ㸪
ᅗ 1 ᕪ࿘Ἴྠᮇࢧࣥࣉࣜࣥࢢᴫᛕᅗ
ྠࡌ ᐃ᫬㛫࡛ಙྕᑐ㞧㡢ẚ (SNR)ࡶྥୖࡍࡿ㸦ୖࡢ
౛࡛ࡣ SNR ࡣ 10 ಸᨵၿࡉࢀࡿ㸧ࠋ
3. ᐇ㦂
ບ㉳ග※࡟ࡣ⧞ࡾ㏉ࡋ࿘Ἴᩘྍኚࡢࣇ࢓࢖ࣂ࣮ࣞ
࣮ࢨ࣮㸦Ἴ㛗  780 nm,ᖹᆒฟຊ  30 mW, ࣃࣝࢫᖜ 130 
fs, ᇶ‽⧞㏉ࡋ࿘Ἴᩘ 40 MHz㸧ࢆ౑⏝ࡋࡓࠋ࣏ࣥࣉග
ࡢග㊰㛗ࢆࣉ࣮ࣟࣈග࡟ᑐࡋ 7.5 m 㛗ࡃྲྀࡿࡇ࡜࡟ࡼ
ࡾ㸪40 MHz ࡢ⧞㏉ࡋ࿘ᮇ࡟┦ᙜࡍࡿ᫬㛫㐜ᘏࢆ୚࠼
ࡓࠋᮏᐇ㦂࡛ࡣ࣮ࣞࢨ࣮ࡢ⧞㏉ࡋ࿘Ἴᩘࢆ 39.85MHz
࠿ࡽ 40.10 MHz ࡲ࡛ ᐃ᫬㛫 3 msec㸦⧞ࡾ㏉ࡋ 333Hz㸧
࡛ኚ໬ࡉࡏࡓࠋࡇࡢ࿘Ἴᩘᤲᘬᖜࡣ ᐃ᫬㛫❆ 156 ps
࡟┦ᙜࡋ㸪3 msec ࡢᤲᘬ᫬㛫ࡣ⣙ 13 ୓Ⅼࡢ ᐃⅬᩘ
࡟┦ᙜࡍࡿࠋ࢚࣑ࢵࢱ࣮࡟ࡣ࣎࢘ࢱ࢖ᆺගఏᑟ࢔ࣥࢸ
ࢼࢆ౑⏝ࡋ㸪100 Vp-p㸪100 kHz ࡢࣂ࢖࢔ࢫኚㄪࢆ୚࠼
ࡓࠋࢫࣃ࢖ࣛࣝᆺගఏᑟ࢔ࣥࢸࢼ࡛ THz Ἴࢆཷಙࡋ㧗
㏿ᛂ⟅ྍ⬟࡞㟁Ⲵ࢔ࣥࣉ࡛ቑᖜᚋ㸪㧗㏿ࣟࢵࢡ࢖ࣥ࢔
ࣥࣉࢆ⏝࠸࡚ࣟࢵࢡ࢖᳨ࣥฟࢆ⾜࡞ࡗࡓࠋ
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ᅗ 2 ᕪ࿘Ἴྠᮇ࢔ࣥࣉࣜࣥࢢ࡟ࡼࡾྲྀᚓࡋࡓ THz
᫬㛫Ἴᙧࠋ ᐃ᫬㛫 3ms㸪 ᐃ᫬㛫❆ 156 psࠋ
4. ⤖ᯝ࡜⪃ᐹ
ᚓࡽࢀࡓ᫬㛫Ἴᙧࢆᅗ 2 ࡟♧ࡍࠋ཯ᑕ࡟ࡼࡿ࣮࣋ࢫ
ࣛ࢖ࣥࡢṍࡳࡣ࠶ࡿࡶࡢࡢ 0 ps ௜㏆࡟ THz Ἴᙧࣆ࣮ࢡ
ࢆᚓࡓࠋࣆ࣮ࢡ఩⨨ࡢࡎࢀࡣ㐜ᘏ⤒㊰ࡀ 7.5 m ࠿ࡽഹ
࠿࡟ࡎࢀ࡚࠸ࡓࡓࡵ࡛࠶ࡿࠋࡇࡢ⤖ᯝ࠿ࡽ㸪3 ms ࡢᤲ
༳᫬㛫࡛᫬㛫❆ 156 ps ࡢ THz Ἴᙧࡀ ᐃྍ⬟࡛࠶ࡿࡇ
࡜ࢆ☜ㄆ࡛ࡁࡓࠋ୍᪉㸪 ᐃἼᙧࡣ⮬ືࢫࢸ࣮ࢪࢆ⏝
࠸ࡓ㐜ᘏ᫬㛫㉮ᰝࡢሙྜࡼࡾࡶ࠿࡞ࡾᣑࡀࡗ࡚࠸ࡿ
㸦ࡋࡓࡀࡗ࡚ࢫ࣌ࢡࢺࣝᖏᇦࡀ⊃࠸㸧ࠋࡇࢀࡣ⏝࠸ࡓࣞ
࣮ࢨ࣮ࡢࢱ࢖࣑ࣥࢢࢪࢵࢱ࣮࡟㉳ᅉࡍࡿ࡜ᛮࢃࢀࡿࠋ
┦஫┦㛵࡟ࡼࡿࢱ࢖࣑ࣥࢢࢪࢵࢱ࣮ࡣ 10ps ᙅ࡛࠶ࡗ
ࡓࠋ௒ᚋ㸪Ἴᙧ ᐃࡢ᫬㛫ศゎࢆᨵၿࡍࡿ㸪ࡍ࡞ࢃࡕ
 ᐃࡢࢫ࣌ࢡࢺࣝᖏᇦࢆᣑࡆࡿࡓࡵ࡟ࡣ㸪࣮ࣞࢨ࣮ග
※ࡢࢱ࢖࣑ࣥࢢࢪࢵࢱ࣮ࢆపῶࡍࡿᚲせࡀ࠶ࡿࠋ
ᮏ◊✲ࡣ JST ඛ➃ィ ศᯒᢏ⾡࣭ᶵჾ㛤Ⓨ஦ᴗ࡟ࡼ
ࡿຓᡂࢆཷࡅ࡚⾜ࢃࢀࡓࠋ
ᩥ ⊩
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